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DETAILED ACTION 



This action is in response to the Amendment of 2 February 2006 



Claim Rejections - 35 USC § 103 

1. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this OfiFice action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

2. Claim 1 is rejected under 35 U.S.C. 103(a) as being unpatentable over U.S. Patent No. 
5,835,396 to Zhang (hereafter Zhang ^396) in view of U.S. Patent No. 6,1 1 1,302 to Zhang et al. 
(hereafter Zhang '302). 

Zhang *396 discloses a three dimensional multi-level memory array (figure 1) disposed 
above a substrate (10), the array comprising: a first plurality of spaced apart rail stacks (bottom 
electrode 503 + TiW barrier layer disposed thereon for figs. 5-6, or alternately, layers 503 and 
502cb in figures 10a,b) disposed at a first height in a first direction above the substrate (see 
figure 6A and figure 1); a second plurality of rail stacks (top electrode 501+ TiW barrier layer 
disposed thereon, or alternately, layers 501 and 502ca in figures 10a,b) disposed above the first 
height and in a second direction different fi-om the first direction (figures 1 and 6A) and a 
plurality of memory cells (formed from 501, 502, and 503 at the relative intersections of 501 and 
503), each memory cell comprising an antifiise (502; see colimm 7, lines 10-18; also see column 
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6, lines 18-35, noting that thin layers of intrinsic amorphous silicon act as an antifuse), wherein 
the antifuses are disposed at the intersections of the rail stacks (see figure 6A). 

Zhang '396 fails to specify that silicon nitride could be used as the metal-to-metal 
antifuse material. 

Zhang *302 teaches that silicon nitride is an appropriate material for use as a metal-to- 
metal antifuse, and that it may be used interchangeably with other known antifuse materials, such 
as amorphous siUcon (see column 3, lines 39-56). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to modify the amorphous silicon antifuse layer of Zhang '396, such that it is siUcon 
nitride, as suggested by Zhang '302. The rationale is as follows: A person having ordinary skill 
in the art would have been motivated to use silicon nitride for the metal-to-metal antifuse, 
because Zhang '302 shows that both silicon nitride and amorphous silicon are considered art 
recognized equivalents that may be used interchangeably as metal-to-metal antifuses (Zhang 
'302 - column 3, lines 39-56), and that both materials provide the advantages of eliminating 
switch-off phenomena and improving the on and off-state properties of the antifuse (see Zhang 
'302, column 2, lines 14-33). A person skilled in the art would further appreciate that since both 
Zhang '302 and Zhang '396 are directed toward metal-to-metal antifuses using generally similar 
materials and similar structures, it would be reasonable and apparent to apply any of the specific 
antifuse materials in Zhang '302 to the structure of Zhang '396. It has been held that "the 
selection of a known material based on its suitabihty for its intended use supported a prima facie 
obviousness determination in Sinclair & Carroll Co. v. Interchemical Corp., 325 U.S. 327, 65 
USPQ 297 (1945). "Reading a list and selecting a known compound to meet known requirements 
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is no more ingenious than selecting the last piece to put in the last opening in a jig-saw puzzle." 
325 U.S. at 335, 65 USPQ at 301), 



3. Claims 1 and 2 are rejected under 35 U.S.C. 103(a) as being unpatentable over U.S. 
Patent No. 5,835,396 to Zhang in view of U.S. Patent No. 4,881,1 14 to Mohsen et al. 

Regarding claim 1, Zhang discloses a three dimensional multi-level memory array (figure 
1) disposed above a substrate (10), the array comprising: a first plurality of spaced-apart rail 
stacks (see figure 10a, formed fi-om layers 503 and 502cb) disposed at a first height in a first 
direction above the substrate (see figures 1 and 10a; column 10, lines 7-12, noting that layers 503 
and 502cb are patterned together in a rail shape); a second plurality of spaced apart rail stacks 
(formed from layers 502ca and 501); a plurality of memory cells (formed from 
501,502ca,502cc,502cb and 503 at the intersection of the first and second rails; also see figures 
1, 7, and 12), each memory cell comprising an antifiise (502ca), wherein the antifuses are 
disposed at the intersections of the first and second rail stacks (antifuses are disposed on the 
bottom of and across the entire extent of the second rail stack, and thus, are present at the 
intersection of the two rail stacks - see figure lOA). 

Zhang fails to disclose that the antifiise is formed of siHcon nitride. 

Mohsen discloses a memory cell having a silicon nitride antifiise (14; see column 4, lines 
22-25) disposed between layers comprising either metal or semiconductor materials (column 4, 
lines 4-10). 
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It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to modify the antifiise of Zhang, such that it is formed of silicon nitride, as taught by 
Mohsen. The rationale is as follows: A person having ordinary skill in the art would have been 
motivated to use silicon nitride as the antifuse, because Mohsen shows that silicon nitride is an 
appropriate antifuse for use between metal electrodes or metal and semiconductor electrodes 
(Mohsen, column 4, lines 4-10), and that silicon nitride used as an antifuse has the advantageous 
properties of high reliability in the programmed and unprogranmied state, controllable antifuse 
rupturing properties, and high conductivity after programming (see Mohsen, column 2, lines 29- 
40). 

Regarding claim 2, Zhang discloses that the array comprises polysilicon pn diodes 
(column 6, lines 50-55), and that it is desirable for the quasi-conduction layer (which is formed 
by the polysilicon pn diodes) to have the characteristic of having a low resistance current path 
when subjected to a sufficiently high forward bias, a high resistance path when subjected to a 
low forward bias or a reverse bias (column 6, lines 8-17; also see figure 8), and as large as 
possible of a nonlinear IV response in order to improve storage capacity (see column 6, lines 50- 
62 and column 8, line 55- column 9, line 7). 

Zhang is silent as to the doping levels in the pn junction diode. 

Mohsen suggests that the diode is formed from a heavily doped layer adjoining a 
moderately doped opposite conductivity layer (column 3, lines 45-55). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to specify that the doping levels of the pn junction diode of Zhang are consistent with 
a p+n or p-n+ device, as suggested by Mohsen. The rationale is as follows: A person havmg 
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ordinary skill in the art would have been motivated to use a pn diode with one highly doped side 
(i.e. p+n) because it is well established in the semiconductor device arts that such a device will 
have increased current flow for each bias level, which appropriately corresponds to the 
conditions disclosed by Zhang as most desirable, and would result in a lower resistance current 
path for forward bias, generally insignificant changes to the reverse bias characteristic, and 
greater nonlinearity of the IV response, as is appreciated by a person having skill in the art. It is 
expected that even lacking knowledge of the properties of p+n diodes, Zhang would arrive at a 
p+n structure through routine optimization of the doping levels for the diode to achieve the 
properties listed supra. Since Mohsen further indicates that a p+n diode portion is compatible 
with anti-fuse type memory cells and can function to drive and direct the current through the 
antifuse memory cell, a person skilled in the art would further conclude that it would be 
reasonable to select a p+n diode for a memory cell diode structure. Although Zhang is silent as 
to the specific doping levels, it has been held that *Vhere the general conditions of a claim are 
disclosed in the prior art, it is not inventive to discover the optimimi or workable ranges by 
routine experimentation." In re AUer, 220 F.2d 454, 456, 105 USPQ 233, 235 (1955). 

Response to Arguments 

4. Applicant's arguments filed 2 February 2006 have been fully considered but they are not 
persuasive. 
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The Applicant essentially argues that the electrical environments in Zhang *396 and 
Zhang '302, as well as between Zhang *396 and Mohsen are different, and hence, a person 
skilled in the art would not have been motivated to combine the references. 

The Examiner points out that the only conditions that must be met to establish a prima 
facie case of obviousness are that the prior art references much teach all of the claim limitations, 
there must be some suggestion or motivation to combine the references, and there must be a 
reasonable expectation of success (see MPEP § 2143). 

The only element lacking in Zhang * 3 96 is the limitation of forming the antifuse of 
silicon nitride rather than amorphous silicon or other such materials. Zhang '396, however, does 
teach that the structures of 6B-6E are substantially similar to a metal-to-metal antifuse (see 
column 7, Imes 10-20), thus suggesting that the electrical environment for the figures 6B-6E 
embodiments is similar to that of Zhang '302, and that the antifuse material must be in a high 
resistance state prior to programming, and irreversibly change to a low resistance state after 
programming (colunm 5, lines 50-58). 

Since Zhang '302 specifically teaches that SiN is a suitable material for use in a metal-to- 
metal antifuse, has the resistance properties required by Zhang '396 (and inherent to the term 
"antifuse"), and may be used interchangeably with other antifuse materials, such as amorphous 
silicon, the Examiner considers it highly reasonable to substitute the silicon nitride antifuse for 
the amorphous silicon antifuse, based on the principles of art recognized equivalence and art- 
recognized suitability as set forth in the rejection supra. (The selection of a known material based 
on its suitability for its intended use supported a prima facie obviousness determination in 
Sinclair & Carroll Co. v. Interchemical Corp., 325 U.S. 327, 65 USPQ 297 (1945). "Reading a 
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list and selecting a known compound to meet known requirements is no more ingenious than 
selecting the last piece to put in the last opening in a jig-saw puzzle." 325 U.S. at 335, 65 USPQ 
at 301)). 

The Applicant is invited to provide evidence of unexpected results (other than properties 
of silicon nitride antifuses abready known in the art, as detailed in the previously cited or applied 
references: US 5,682,059 to Yoshii or US 4,881,1 14 to Mohsen) deriving from the use of a 
silicon nitride antifuse in the claimed electrical environment. Since the Applicant's disclosure 
only mentions silicon nitride in a list of several viable antifuse materials, and in so doing, 
provides no disclosure of the properties of a siUcon nitride antifuse combined with the claimed 
electrical environment, the disclosure is not considered to provide sufficient proof of an 
unexpected result. 

Similarly, for the combination of Zhang '396 and Mohsen, the Applicant argues that 
Mohsen is directed toward a structure wherein the antifuse is disposed between diode layer 
portions, such that upon rupture of the antifuse, a diode is formed. 

The Examiner notes that the cited passage in Mohsen does explicitly state that the silicon 
nitride antifuse may be positioned between any of the doped polysilicon, the doped single crystal 
silicon, or metal or a combination of the above. In the Examiner's view, it is not reasonable to 
interpret Mohsen in a manner contradicting what is expressly stated in Mohsen. However, even 
if Mohsen is interpreted such that the antifuse is sandwiched between polysilicon layers or 
between a polysiHcon layer and a metal layer (forming a Schottky diode upon rupture), the 
Examiner maintains that the combination of Zhang '396 and Mohsen meets the criteria for a 35 
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U.S.C. 103 rejection, in a manner similar to that explained supra for Zhang *396 in view of 
Zhang '302. 

Zhang *396 and Mohsen both disclose embodiments wherein a memory cell including a 
diode and an antifuse is formed, and wherein the antifiise must have the properties generally 
required for such a layer, such as a high resistivity prior to programming, and a low resistivity 
after programming. Since Mohsen fiirther indicates that silicon nitride as an antifuse is 
compatible with either adjacent silicon, polysilicon, or metal layers, and has the advantages of 
high reliabihty in the programmed and unprogrammed state, controllable antifuse rupturing 
properties, and high conductivity after progranmiing (see Mohsen, column 2, lines 29-40), it is 
reasonable for a person skilled in the art to use silicon nitride as the antifuse of Zhang to achieve 
such benefits, regardless of whether the electrical environments in Mohsen and Zhang are 
identical. 

Again, the Applicant is invited to provide evidence of imexpected results deriving from 
the use of a silicon nitride antifuse in the claimed electrical environment. 

Conclusion 

5. THIS ACTION IS MADE FINAL, Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
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the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1 .136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the mailing 
date of this final action. 

Any inquiry conceming this communication or earlier communications from the 
examiner should be directed to Jennifer M. Dolan whose telephone number is (571) 272-1690. 
The examiner can normally be reached on Monday-Friday 8:30am-5:00pm. 

If attempts to reach the examiner by telephone are unsuccessftil, the examiner's 
supervisor, Carl W. Whitehead, Jr. can be reached on (571) 272-1702. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 

Jennifer M. Dolan 

Examiner 
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